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Abstract 
This paper gives a contribution to solve a problem that engineering education institutions are facing nowadays: how to provide 
practical examples to a large number of students being, simultaneously, limited by finite resources? The solution can rely on 
software to virtually simulate laboratory equipment. The objective is to prove the feasibility of using virtual instrumentation to 
simulate didactic exercises previously solved using a process control unit. Collected data were useful to simulate the behaviour of 
several hardware components. Results obtained show a good matching between problems solved virtually and by means of the 
process control unit. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Traditional teaching concerning instrumentation, measurement and control was focused on attendance lectures, 
laboratory experiences and discussion with the teaching staff (Grimaldi & Rapuano, 2009). Technological 
innovation, considered a relevant consequence of academic research, can amend the approach by which engineering 
education institutions transmit knowledge and students learn. Distance learning, learning management systems and 
cooperation with other institutions are a few examples of the challenges that educational institutions are facing 
nowadays. Continuous technological innovation creates difficulties to engineering education. There is a constant 
need for upgrading and diversifying program contents of different disciplines in order to keep pace with 
technological developments. In the area of engineering education, which contains a large proportion of laboratory 
and/or experimental work, difficulties arise. 
A particular problem arose in recent years with the increase of the student population attending higher education 
institutions: how to provide students with important and relevant practical experiences, being, simultaneously, 
limited by finite human, material or infrastructure resources? 
This paper describes a feasible solution to the above question, which is based on the use of LabVIEW (acronym 
for Laboratory Virtual Instrument Engineering Workbench). This software, which can be considered a virtual 
instrumentation system, allows the virtual simulation of certain laboratory equipments. Virtual instrumentation has 
been conquering a special place in the world of measurement, control and testing, allowing an easy integration of its 
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use and adaptation to the programmer. Furthermore, it also allows an economical upgrade of the experiments, since 
they  
2. Motivation 
The technological evolution of computers registered in the last decades established an alternative background to 
traditional education, in what concerns the easiness in learning and interactivity. Considering the specific situation 
of engineering courses that have practical or laboratory classes, the number of work benches or equipment is 
sometimes insufficient for the entire class, preventing their use in ideal conditions. Moreover, inappropriate use by 
less experienced students can cause damages to the equipment. When dealing with these situations educational 
institutions may sometimes face entailing economic costs. Additionally to those problems, traditional laboratory 
instruments are quite expensive and designed to perform only pre-designed operations. Often they cannot be updated 
or adapted to current needs. As a consequence, students are sometimes faced with obsolete laboratory equipment 
that no longer fully complies with technological developments. A possible solution to overcome the problems 
described above will be the use of virtual instrumentation, which fits in the new techniques that can be used to 
design different experiments or simulations of real processes (Gorghiu, Gorghiu, Dumitrescu & Olteanu, 2011). As 
a consequence, virtual instrumentation is currently used in various areas. As Figure 1 schematises, education is no 
exception, being employed in the classroom by teachers and students as an educational tool for designing 
instrumentation, measuring and control systems, as well as a simulation tool, allowing students to observe the 
behaviour of complex systems in different contexts and to achieve a better understanding of certain real phenomena. 
 
 
 
 
 
 
 
 
 
Figure 1. Traditional teaching vs. teaching using virtual instrumentation 
 
Several studies (Gorghiu, Gorghiu, Dumitrescu & Olteanu, 2011; Gillich, Frunzaverde, Gillich & Amariei, 2010) 
show that students accept the use of virtual instrumentation, allowing them to reach a better understanding of certain 
topics. As a result, problems are more easily solved since theoretic concepts taught are better assimilated. 
Moreover, virtual instrumentation flexibility qualifies it to be applied not only in real laboratories but also at 
home or elsewhere (using a computer with specific software), allowing self-learning or distance learning. 
3. Virtual instrumentation 
Virtual instrumentation established a new paradigm towards the design of instrumentation, acquisition, 
measurement and control systems. The main factors responsible for its success rely upon the growing development 
and spread of computers and also upon high speed data conversion (Sumathi & Surekha, 2007). These factors make 
virtual instrumentation systems accessible to a wide range of users. 
The main idea of virtual instrumentation is that a given computer can simulate any other, provided that it has 
installed some kind of software that simulates the other computer (Sumathi & Surekha, 2007). This definition 
presents one of the basic principles of virtual instrumentation: its ability to change shape through software, allowing 
the user to freely alter its function in order to deal with a wide range of applications. Therefore, a virtual 
instrumentation system can be defined as software used to develop computerized tests and measurement systems; to 
control measuring hardware devices using a computer; and to display the measurement results. Data resulting from 
measurement tests are acquired by an external device connected to the computer (Goldberg, 2000), or provided as a 
Hardware 
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batch from former recordings. Among many other applications, virtual instrumentation systems can be used for 
building animated models of real devices and instruments. They represent an important and significant characteristic 
of LabVIEW, which can be used to create useful tools through the teaching process (Dumitrescu, Olteanu, Gorghiu, 
Gorghiu & State, 2009). 
LabVIEW is a specific instrumentation and analysis software based on a graphical programming language 
(Dumitrescu, Olteanu, Gorghiu, Gorghiu & State, 2009). This software allows the creation of programs, known by 
Virtual Instruments (VIs). In LabVIEW, the programming language, known as G, uses icons (virtual representations 
of objects) in order to build VIs. A graphical interface permits that users with little programming experience be able 
to create programs through drag and drop icons. Each VI has three main components: a front panel, a block diagram 
and a connection panel. The front panel is the interface that allows the user to insert the input parameters and show 
the output values of the block diagram, after the VIs have been executed (Essick, 2008; Bishop, 2009). The VI 
programming is made in the block diagram, which is directly associated with the front panel (any modification done 
in the block diagram is reflected in the front panel and vice-versa). The execution of a VI is determined by the 
graphical structure of the block diagram. Data propagation between the objects placed at the block diagram is done 
through wires (Essick, 2008; Bishop, 2009) being based on the data flow principle which consists of executable 
nodes (objects of the block diagram, that receive inputs and carry out operations when a VI runs) that perform only 
when they receive all required input data and produce output data immediately when they enter into execution 
(Dumitrescu, Olteanu, Gorghiu, Gorghiu & State, 2009). More information about LabVIEW software can be easily 
found throughout the immense bibliography extant about this subject. 
4. Development of the virtual simulation 
Two concepts can be taken into account when a VI is employed to build the virtual simulation of a given 
laboratory equipment. The first is the possibility to control a real measurement instrument by means of a graphical 
interface. The second is the creation of a VI behaviour (Grimaldi & Rapuano, 2009). 
The purpose of this work fits in the second idea, that is, to simulate virtually, by means of LabVIEW software, a set 
of didactic exercises based upon the process control unit De Lorenz DL 2314, visible in Figure 2, of the laboratory 
of Instrumentation and Control of the Department of Mechanical Engineering (DEM) of the Superior Institute of 
Engineering of Coimbra (ISEC). 
 
 
 
 
 
 
 
Figure 2. De Lorenz DL 2314 process control unit 
 
The process control unit, which can be considered as the hardware, comprises a didactic module (Figure 2 on the 
left. It contains a pressurized cylindrical vessel, a water tank and a set of level, pressure, temperature and flow 
sensors and actuators) as well as a control module (Figure 2 on the right, includes interface circuits for sensors and 
actuators, as well as ON/OFF, proportional, integral, and derivative control circuits). Physical connections required 
to solve the didactic exercises should be done in this last module. With this equipment, students should be able to 
study several sensors, their characteristics and also different control processes. 
In order to show the feasibility of virtual instrumentation as a tool to simulate didactic exercises belonging to the 
process control unit, several exercises were selected and previously solved in hardware. Collected relevant data will 
be useful to simulate the behaviour of several hardware components, allowing that virtual simulation, made with 
LabVIEW, should represent the hardware quite faithfully. 
In this paper the virtual simulation, created with LabVIEW software, of one of those didactic exercises is 
presented. The objective of the selected didactic exercise is to determine the characteristic curve of the DL 2314 
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floating level sensor. This sensor is a Linear Variable Differential Transformer (LVDT) used as a position 
transducer to measure the linear displacement of the water inside the vessel. The working principle of this sensor 
can be briefly described as follows: the sensor receives energy from the medium to be measured (water) producing 
an output voltage signal dependent of the measured physical quantity. If there is also a transducer, it will convert the 
sensor output voltage signal in the desired variable (water height in the cylindrical vessel). 
Figure 3 shows the front panel VI of the didactic exercise. It has three folders. Through buttons and knobs, the 
first one allows pupils to perform several tasks, such as: reading the objectives of the exercise; switching the 
equipment on and off; controlling the pump employed to fill the vessel, as well as the two discharge valves that 
empty the vessel; reading and registering voltage values; and viewing the evolution of the water level and the 
characteristic curve of the LVDT sensor (formulas relating parameters such as water level and pressure sensor 
output voltage were obtained using another software). There is also a reset button to clear all registered values and 
the graphic drawn. The second one schematizes the physical connections that should be made in the control module 
of the hardware (if using the hardware to solve the same exercise) and the later includes some theoretical 
information about the working principle of the LVDT sensor, including the characteristic curve to be compared with 
the one obtained when the virtual simulation is completed. Students can select a folder by simply clicking on it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Font panel of didactic exercise 
 
Figure 4 depicts the corresponding block diagram VI, which contains a collection of objects associated with the 
front panel objects: controls, indicators, functions, structures, subVIs (to control the pump and the discharge valves), 
constants and wires. The objects listed above represents, in a graphical form, the source code of the VI (Dumitrescu, 
Olteanu, Gorghiu, Gorghiu & State, 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Block diagram of didactic exercise 
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SubVIs are programs within VIs, similar to subroutines used in other programming languages, represented by 
icons. They allow the creation of hierarchical programs, simplifying the block diagram design of the VI. Clicking on 
their subVIs icons it is possible to gain access to the corresponding front panel and block diagrams. Moreover, a 
subVI can be reused many times in other VIs. This is the case of the subVIs that control the pump and the discharge 
valves, since could be repeated in the virtual simulation of other didactic exercises. 
From an educational point of view, two objectives can be accomplished with this exercise. Students can design 
and program by themselves the whole project (it includes a principal VI and several subVIs) that will simulate the 
process control unit De Lorenz DL 2314 and test and improve it in order to closely follow the hardware behaviour. 
Alternatively students can only have access to the final protected project that simulates virtually the didactic 
exercise and they will use it in classroom or elsewhere to execute the didactic experiments through virtual 
instruments. 
5. Conclusions 
A LabVIEW virtual simulation was developed to substitute didactic experimental demonstrations based upon real 
physical laboratory equipment. The purpose was to offer the students an appealing tool in order to motivate them 
towards a better understanding of the subjects taught. 
The proposed approach yields several advantages, since students can use their computers to simulate quite 
realistically the same functionalities as in a conventional learning scenario based on real equipment. Additionally, 
and when compared with the traditional methodology based on classroom demonstrations performed only by the 
teacher, students showed a strong interest on VI based teaching which is very relevant to its educational success. 
Moreover, and once again for students , a large amount of teaching material is available in the web (technical 
support, software examples that students can download or access remotely through a web page, slides, lectures). 
Future work comprises the creation of a wider set of didactic exercises based on the process control unit De 
Lorenz DL 2314, taking into account the feedback of students that deal with them. 
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